Ca2+-dependent regulation of calmodulin binding and adenylate cyclase activation in bovine cerebellar membranes.
The binding parameters of 125I-labeled calmodulin to bovine cerebellar membranes have been determined and correlated with the activation of adenylate cyclase by calmodulin. In the presence of saturating levels of free Ca2+ calmodulin binds to a finite number of specific membrane sites with a dissociation constant (Kd) of 1.2 nM. Furthermore, Scatchard analysis reveals a second population of binding sites with a 100-fold lower affinity for calmodulin. The Ca2+-dependence of calmodulin binding and of adenylate cyclase activation varies with the amount of calmodulin present, as can be inferred from the model of sequential equilibrium reactions which describes the activation of calmodulin-dependent enzymes. On the basis of this model, a quantitative analysis of the effect of free Ca2+ and of free calmodulin concentration on both binding and activation of adenylate cyclase was carried out. This analysis shows that both processes take place only when calmodulin is complexed with at least three Ca2+ atoms. The concentration of the active calmodulin X Ca2+ species required for half-maximal activation of adenylate cyclase is very similar to the Kd of the high affinity binding sites on brain membranes. A Hill coefficient of approx. 1 was found for both processes indicating an absence of cooperativity. Phenothiazines and thioxanthenes antipsychotic agents inhibit calmodulin binding to membranes and calmodulin-dependent activation of adenylate cyclase with a similar order of potency. These results suggest that the Ca2+-dependent binding of calmodulin to specific high affinity sites on brain membranes regulates the activation of adenylate cyclase by calmodulin.